A prospective study was conducted in order to describe the incidence of eye symptoms, nose or throat symptoms, asthma and bronchitis among cleaners compared with former cleaners and according to the 'use of sprayers'. In 1989 and in 1991 questionnaire-based studies were conducted among female cleaners employed at Danish nursing homes, schools and offices. A cohort of 1,011 females was followed over two years. At baseline in 1989, the average age was 45 years and the average of seniority was 10 years. Overall, the cleaners tended to have the same or higher risk of developing respiratory symptoms compared to former cleaners. The 'use of sprayers' during the follow-up period was associated with an increased risk of eye and respiratory symptoms.
INTRODUCTION
Cleaners constitute a significant proportion of the workforce. Although other work groups also perform cleaning as a part of their job, cleaners' working environment and health effects thereof have been sparsely studied.
Cleaning materials can affect the skin resulting in a high prevalence of toxic or allergic skin problems among cleaners. 1 " 6 The active components in cleaning agents are surfactants, acidic and alkaline substances, water softeners, disinfectants and solvents. These cleaning materials may evaporate or be aerosolized during the cleaning process. These airborne exposures may pose a risk of upper airways and lung disorders. Hazardous substances in cleaning agents are usually assessed by the evaluation of their acute and chronic effects. However, only limited information and measurements are available. 7 Thus an increased risk of asthma among cleaners was reported in a population survey based on register studies 8 and in a case-control study. 9 In a register-based mortality study an increased risk of airway diseases and lung cancer was found among cleaners. 10 Mucous symptoms from eyes, nose, throat and airways among cleaners have previously been reported in connection with accidents where chlorine or ammonia containing products were mixed with acids resulting in evaporation of chlorine or ammonia gas. The most serious effects from such accidents have been lasting damage to the airways and the lungs. 11 " 16 Furthermore, transient eye, nose or throat symptoms have been reported in a few case communications concerning inappropriate use of carpet shampoo. 17 ' 18 Asthmatic reactions to cleaning products have also been reported previously. 19 " 20 However, the association between work as a cleaner, especially the 'use of sprayers', and risk of more lasting mucous irritation and upper airways symptoms has not previously been reported.
In this study the associations between the risk factors and symptoms two years later were estimated in a prospective follow-up study in order to test the following hypotheses: (1) cleaners have an increased risk of mucous irritation, asthma and bronchitis compared to former cleaners and (2) cleaners working with 'sprayers' have an increased risk of mucous irritation, asthma and bronchitis compared to other cleaners.
MATERIALS AND METHODS

Population and design
A questionnaire-based study was performed among cleaners employed at nursing homes, schools and public offices in the Copenhagen area and the area of West Zealand in 1989. The participants in the 1989 study were included in a questionnaire-based follow-up study in 1991.
From die Municipal Yearbook 1988, all public offices, half of the nursing homes and half of the schools in Copenhagen and West Zealand were randomly selected for the study. A total of 36 out of the 325 institutions were irrelevant as no cleaning personnel were engaged. Eighteen institutions did not answer or did not want to participate. The addresses of the cleaning personnel on the remaining 271 institutions were obtained from wage offices. Only persons above the age of 18 years employed at these institutions with cleaning tasks were included in the study. A total of 2,697 eligible persons received a questionnaire by post and up to two reminders in 1989. Three hundred and eighty were not employed in the cleaning sector, 27 were under the age of 18, and 21 had unknown addresses. This reduced the sample to a maximum of 2,269 persons. Of these, 361 did not want to participate and 671 did not reply. The remaining 1,237 (55%) answered the questionnaire. Reasons for not answering and non-participation could not be obtained.
This study is based on the 1,011 females who participated in the follow-up study in 1991. This was 88% of those who participated in 1989 after exclusion of 10 persons with unknown address, 11 persons who had died since the 1989 study and 134 (12%) who did not want to participate. The overall response rate in the prospective study was 45% of those sent a questionnaire. The characteristics of die non-responders were: youth, low level of seniority and few working hours per week -all indicating that a majority of the non-participants were persons with temporary employment within the cleaning sector, e.g., students.
The age distribution, seniority and weekly work hours for cleaners who continued cleaning and cleaners who left cleaning during the follow-up period are described in Table 1 .
Questionnaire
The cleaners were asked what types of utensils they used, e.g., high-pressure equipment or sprayers and what types of room they cleaned. Further, on a six-point scale ranging from 'never' to 'all the time' the respondents could indicate the proportion of working hours during which they could easily see aerosols in the air or smell gasses from cleaning products ('chemicals in air'). The total hours at work per week was also registered.
The symptoms were signs of mucous irritation such as smarting or itching eyes, or irritation/dryness of the nose or throat. For each of the symptoms the respondents could indicate: 'daily', 'several times weekly', 'several times mondily'j 'several times yearly' or 'never during the last 12 months'. In the analysis these categories were dichotomized as 'yes/no'. Asthma was defined as attacks with wheezing breathing during the last 12 months. If the respondents indicated the presence of symptoms they were asked about variation of symptoms in relation to work and leisure time. Bronchitis was defined as cough and expectoration at least 3 months per year. The cleaners were asked if they had consulted a medical doctor during the last 12 months because of eye, nose, throat or airways symptoms. Further they were asked if they suffered from allergy (hay fever or asthma due to pollen, animals or house mites). Smokers were categorized as 'never smoker', 'previous smoker' and 'current smoker'.
Statistical methods
In the follow-up study the participants were divided according to their employment status in 1991 as cleaners or former cleaners. Former cleaners included: work not related to cleaning (non-cleaning work), unemployment, retirement and long-term illness. Retirement included old age pension, early retirement salary or early retirement pensions. The cleaners in the category 'maternity leave' or those cleaners who could not be categorized in one of the former categories were recoded as former cleaners.
Characteristics of work environment and healdi at baseline were compared for cleaners who remained in cleaning and cleaners who left cleaning and the association were tested by means of the chi-square test. This prospective study focuses on incidence of symptoms. Therefore cleaners with symptoms in 1989 were excluded. For each of the four symptoms: eye symptoms, nose or throat symptoms, asthma or bronchitis, calculations of associations between symptoms and employment status were performed. For example, among cleaners without eye symptoms in 1989, the risk of developing eye symptoms during the observation period was calculated by logistic regression analyses that included employment status. The status of the other three symptoms in 1989 was included in the model. Age was included in the analyses as a categorical variable in the 10-year age groups with the youngest group as the reference group. Smoking habits in 1989 were included in the analyses as categorical variables with non-smokers as the reference group. The variables were included simultaneously. Age and smoking habits were kept fixed in the model. 22 In the follow-up study the participants who continued in cleaning were divided according to the use of'sprayers' during the follow-up period: 'never use of sprayers', 'stopped using sprayers', 'started using sprayers' and 'continuing use of sprayers'. For each of the four symptoms (eye symptoms, nose or throat symptoms, asthma or bronchitis) calculations of associations between symptoms and use of 'sprayers' were performed. Logistic regression analyses were performed in a similar way as described above.
RESULTS
Baseline in 1989: Characteristics of the cleaners
Approximately 15% of the cleaners reported that they could easily see aerosols or smell gasses from cleaning products ('chemicals in air') during at least one-quarter of their working hours. A total of 38% used sprayers (high-pressure equipment and sprays), only 4% reported that they used high-pressure equipment and 36% of the cleaners used sprays. We found a positive correlation between the use of sprayers and reporting 'chemicals in air" (p = 0.001).
The prevalence of nose or throat symptoms (46%) was higher than the prevalence of eye symptoms (31%). These mucous symptoms occurred more often than asthma (8%) and bronchitis (11%). Approximately 14% of the cleaners reported that they suffered from allergy, hay fever, or asthma due to pollen, animals or house mites. Approximately 20% of the cleaners had consulted a medical doctor because of eye, nose, throat or upper airway symptoms during the last 12 months and as many had been on sick leave because of these symptoms.
Approximately 62% of the cleaners with nose or throat symptoms and 51% of those with eye symptoms reported improvement during holidays and weekends. But only 29% of the cleaners with asthma reported improvement during holidays and weekends. Only a few of the cleaners with symptoms reported that the problems decreased in relation to work.
In Tables 1 and 2 the cohort was divided according to employment status in 1991: cleaners and former cleaners. The two groups differed according to certain factors. Characteristics of the cleaners were middle-age and high seniority. Characteristics of the former cleaners were youth, low seniority and few cleaning hours per week. Nose and/or throat symptoms, asthma, consulting a medical doctor or taking sick leave due to upper airway symptoms occurred more often among former cleaners.
Follow-up: Risk of developing symptoms during
observation period (cleaners/former cleaners) Overall, the cleaners tended to have the same or higher risk of developing mucous membranes and airways symptoms ( Table 3 ). The cleaners without nose or throat symptoms in 1989 had a higher risk of developing these symptoms in 1991 if they continued cleaning work as compared with former cleaners. Eye symptoms were seen to be a predictor for nose or throat symptoms, and nose or throat symptoms seemed to be a predictor for eye symptoms. In particular, those suffering from asthma in 1989 showed to an increased risk of developing bronchitis in the follow-up period -as did suffering from mucous symptoms and smoking in 1989. Mucous symptoms in 1989 seemed to be a predictor for asthma in 1991. There was no clear trend in the risks according to age. An effect of smoking, although not statistically significant, was seen as a risk for developing airways symptoms. Table 4 shows that cleaners without symptoms in 1989 who started to use or continuously used sprayers during the follow-up period had an increased risk of developing mucous symptoms, asthma and bronchitis. This was statistically significant for continuous use of sprayers mucous symptoms and bronchitis. Ceasing use of sprayers lowered the risk of having mucous symptoms in 1991, whereas cleaners who had developed asthma and bronchitis during the follow-up period still suffered from these disorders despite the fact that they had stopped the use of sprayers. However, these tendencies were not statistically significant. Some of the associations between symptoms were confirmed when studying cleaners who had continued with cleaning (Table 3 ). There was a correlation between nose or throat symptoms and eye symptoms and between asthma and bronchitis. Furthermore, all symptoms and smoking were predictors for asthma.
Follow-up: Use of 'sprayers' and the risk of developing symptoms during the observation period
DISCUSSION
Former studies have been based on register data and it was impossible to include data on specific exposures and smoking habits. This is the first follow-up study based on questionnaires addressing occupational upper airway symptoms among cleaners.
Assessment of exposure by cleaners to cleaning products is difficult to do with sufficient precision. The cleaners have many workplaces, part time jobs and irregular working hours. Measuring the airborne personal exposure of cleaning agents could have added important information to the study. However, traditional occupational hygiene methods are difficult to apply in this context due to problems with selection of tracers in cleaning agents and the limit of detection. In this study self-reported exposure to 'chemicals in air' and 'use of sprayers' are used as a proxy for airborne exposure to cleaning products. The high correlation between the two measures supports the validity of the measures.
Measuring health effects on eyes and upper airway mucous membranes is also complicated and difficult, and reference values in normal populations are not available today. 24 Standardized questionnaires and objective methods for examining nose and throat symptoms are not yet available. Accordingly, the use of a questionnaire survey seems to be a reasonable method for the study of exposures and health effects from cleaning.
The results from this study support the hypothesis that cleaners seem to have an increased risk of suffering mucous irritation, asthma and bronchitis symptoms as compared with former cleaners. Furthermore, more than half of the acute symptoms and less than one-third of the long term symptoms improved during weekends. In particular, work with sprayers causing exposure to aerosols was associated with an increased risk of having the above mentioned symptoms. Could these findings be due to a causal effect from cleaning products on the cleaner's mucous membranes?
The prospective design of this study and the exclusion of cleaners with symptoms in 1989 fulfil the criteria for temporality. 24 Two Danish surveys of cleaning agents have identified the components. In these studies the components are classified according to 'irritating', 'harmful to health' or 'corrosive' and are recognized as having adverse, serious or chronic effects which are, in general, irreversible, such as cancer, reproductive hazards, allergic and neurotoxic effects. 7 We posed questions to cleaners about the names of the products, but this information was extremely difficult to obtain. From animal experiments it has been confirmed that cleaning product components, e.g., detergents and acids, are respiratory irritants. 26 " 27 This makes it biologically plausible that the observations in this study could be in agreement with a causal exposure and effect mechanism.
Furthermore, the findings are in accordance with previous population studies. One study has indicated an increased risk of death from airway diseases for cleaners in comparison with the average population. 10 Two population studies have indicated an increased risk of asthma to cleaners compared to the average population 8 " 9 and the few case reports on asthmatic reactions due to cleaning products are in accordance with the finding of an increased asthma risk for cleaners. 19 " 22 lipophilic and/or surface active compounds in the office environment may be responsible for subjectively and objectively observed eye dryness by influencing the outer thin fatty layer of the tear film. 28 " 29 These aspects support the cause-effect relationship between exposure to cleaning products and health effects on the mucous membranes and on the upper airway.
The comparison between a group of active cleaners and former cleaners is a rather unconventional way of comparing groups in occupational health research. A number of methodological problems should be addressed including the following:
At baseline, in 1989, symptoms occurred more often among persons who ceased cleaning work than among persons who remained cleaners during the 2-year followup period. This indicates that some of those who found themselves susceptible to the chemical effects and become ill, had given up cleaning work. Still other factors such as seniority and working hours also contributed to an explanation of the change of employment status. The influence of seniority was difficult to estimate within a population in which the selection was different in the various age groups. Young persons with symptoms were able to get another job or they only intended to have cleaning as a temporary job, but elderly cleaners might not have these opportunities.
In spite of these selection problems the tendency towards higher symptom ratings among those still exposed compared to the formerly exposed cleaners who a priori had more symptoms indicate a causal health effect from cleaning. Furthermore, the observation of an even stronger association between use of sprayers and increased risk of upper airway symptoms supported the hypothesis that these symptoms could be due to a causal effect from cleaning products on the cleaners' mucous membranes.
The subjectively based information on both exposure and symptoms could give rise to a differential misclassification resulting in an overestimation of the association. This would be more obvious for acute problems than long term problems. However, in this study we saw a similar correlation for both acute symptoms and long term disease. Subsequently, a possible differential misclassification may not influence the estimates significantly.
Both smoking habits and age should be expected to be potential confounding factors when studying upper airway symptoms. In previous register studies it was possible to control for the effect of age but not smoking habits. However, in this study it was possible to control for both age and smoking, and we have chosen to keep these two variables in all the analyses. There was no clear trend in the risk according to age. An effect of smoking, although not statistically significant, was seen for the risk of developing symptoms for airways.
As earlier mentioned the focus of this prospective study is on incidence. Therefore the cleaners with symptoms in 1989 were excluded. However, this design tends to select survivors (cleaners without symptoms in 1989 despite long seniority) for the prospective study and so the risk estimates may be underestimated.
Reporting bias due to differences in place of residence were excluded by the sampling method. Within two types of areas (city and rural area) the institutions were sampled randomly and all cleaners at an institution were included in the study population. Due to the issues discussed above, an acceptable external validity is expected and the results of this study might be generalized to cleaning of institutions, e.g., schools, nursing homes and offices.
CONCLUSION
When using a prospective study design, cleaning seemed to be associated with an increased risk of eye, nose and throat symptoms and bronchitis. In particular, the 'use of sprayers' was associated with an increased risk of eye, nose and throat symptoms, asthma and bronchitis.
